TEOHNIOAL NOTES 
NATIONAL AD7IS0RT COMMITTEE FOE AERONAUTICS 



No. 627 



PRESSURE DISTRIBUTION OVER A CLARK Y-H 

AIRFOIL SECTION WITH A SPLIT FLAP 

By Carl J. Wenzinger 
Langley Memorial Aeronautical Lalaoratory 



Washington 
Decem"ber 1937 



ITATIONAL ADVISORY COMMITTEE FOR AERONAUT ICS 



TEOHNIOAL NOTE NO, 62? 



PRESSURE DISTRIBUTION OVER A CLARK Y-H 
AIRFOIL SECTION TTITH A SPLIT FLAP 
By Carl J, TTcnzinger 



SUMMARY 



An investigation was made in the IT.A.O.A. 7- Tjy 10- 
foot T.'ind tunnel of the distriTjutions of air pressure 
over one chord section of a Clark Y-H airfoil with a 
split flap. Tile results o'btained are given in the form 
of diagrans shotting the chordwise distribution of pressure 
on "both airfoil and flap and as plots of ca.lculated aero- 
dynamic coefficients for "both airfoil and flap. 



INTRODUCTION 



The Clark Y-H airfoil section (frequently designated 
the IJ.A.G.A. CYE airfoil) is a development of the Clark Y 
section obtained by modifying the trailiag-edge portion so 
as to roduce the center-of-pressure travel and the pitch- 
ing moments. Aerodynamic characteristics of _the Clark Y-H 
airfoil, obtained from forco tests made several years ago 
in tho variable-density \Yind t\innel, are given in refer- . 
oncos 1 and 2. 

Because of numerous reouests for pressure-distribu- 
tion data for the Clark Y-H airfoil, a short scries of 
tests to obtain such information was recently made in the 
7- by lO-foot wind tunnel in connection with another proj- 
ect. The present report -^ives the results of the pressur'c- 
distribution tests at a single chord location on a fectcn- 
gular Clark Y-H airfoil with a simple split flap for a few 
flap deflections and several angles of attack. 

MODEL AlTD APPARATUS 



Tho airfoil used for the present investigation was 
built of laminated ma,hogany to the Clark. Y-H section 
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(tal)le I) and has a span of 60 inches and a chord of 10 
inches. The wooden trailing edge was cut off at 85 per- 
cent of the chord from the leading edge and was replaced 
hy two gtripa of thin metal, one completing the upper sur- 
face and the other, the lower - surface of the model. The 
strip on the lower surface was hinged at its leading edge, 
thus" forming a sinple split flap irith a chord 15 percent 
of the airfoil chord. 

A single row ot 3)rossuro orifices was installed on 
■both upper and lower surfaces of the airfoil and flap at a 
section 15 inches inhoard of the right wing tip. The or- 
ifice locations on hoth the airfoil and the flap are shown 
in figure 1. 

The model was mounted at the quarter-chord point on 
the standard force-test tripod in the N.A.C.A. 7- "by 10- 
f:o-ot open-^jet wind tunnel (reference 3). Small tuhee from 
the orifices were brought out- from the airfoil at raidspan 
and down along the model support to the outside^ of the 
test- section. These tuhes were then connected to a photo- 
graphic-recording raultiple-tuhe manometer. 



TESTS 



The tests were all made at a dynamic pressure of 16.37 
pounds per square foot, corresponding to an air speed of 
alDOUt 80 miles per hour at— standard sea-leTrel atraoepherlc 
conditions. The average Eeynolds Numhor of the tests, 
"based on the air speed and chord of the model, was 609,000. 

The model was tested with flap deflections of 0°, 30°, 
and 60°. The range of angles of attack was choeen for 
each flap setting to. include lift .coefficients from helow 
zero to approximately maximum lift. With the- model set at 
a given angle of attack, a few minutes were allowed for 
all test conditions to become steady; a record was then 
taken of the pressures at the orifices hy moans of tlie 
photographic manometer. 



EESULTS AND DISCUSSION 



Pressu re diagrams .- Diagrams of the pressures over 
the upper and lower surfaces of the airfoil with flap 
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neutral (or plain airfoil) are given in figure 2 as ra_tios 
of orifice point pressure p to dynamic pressure of the 
air stream q for the angles of attack investigated. 
Pressure diagrams for. the airfoil with split flap . deflect- 
ed are given in figures 3 and 4 for th.e flap deflections 
and angles of attack tested. On the diagrams the pres- 
sures are all plotted normal to the airfoil chord, the ~_ 

pressure values heing measured from the main chord for.~t^e" 
airfoil pressures and from the deflected flap ohord_for '__ 
the flap pressures. 

These diagrams, which should he useful for applica- 
tion to rih and flap design, exhibit no unusual cha-rac- 
teristics and are similar to those for other airfoils with 
split flaps as reported in references 4, 5, and 6, Some 
di strihutions of air loads along the span are given in 
reference 4 for a Olark Y airfoil with a partial-span 
split flap. ' •• - ■ ■ - . 

S ecti o n loads and moments .- The pressure diagrams 
were mechanically integrated and, from the data thus ob- 
tained, nondimensional coefficients were computed. The 
coefficients for the airf oil-and-f lap comhination include 
the loads of the flap projected onto the airfoil chord. 
The section coefficients are defined as follows:' 



w 

~ a e " ' normal-force coefficient of airfoil 
^ ^ with flap. 



m. 



w 



■'in. 



e/4 



w 



C/4 



qc 



w 



pitohing-moment coefficient ahout 
quarter-chord point of airfoil with 
flap. - 



(c.p.)^^ = (^0.25 - - — r^^J X 100, center of pressure 

°-w 

of airfoil with flap in percentage 
of airfoil chord from leading edge. 

c^- = — ^— , normal- force coefficient of flap. 
* tl°f 

hf . ■ . . -. 

= g-, hingo-momcnt coefficient of flap ahout 

f <lCf flap leading edge. 
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(c,i3.)„ = ( - ) X 100, center of pressure of flat) 

in percentage of flap chord from hinge. 

is the airfoil section normal force per unit 
span. 

airfoil section pit-ching moraent a"bout. the 
quarter-chord point per unit ppan* 

flap section normal force per unit span. 

flap section hinge moment per unit span ahout 
the flap hinge.. _ 

dynamic pressure. 

chord of airfoil with flap. 

chord of flap,. ... 

No corrections have .heian applied to the data for tho. of- 
foots of tho ^7ind-tunnel jet houndarics. 

Normal-force and pitching-raomont coefficients and 
centers of pressure are plotted in figure 5 for the air- 
foil with flap neutral. Tho' samo characteristics are given 
in fis;uros 6 and 7 for the airfoil with split flap do- 
floctod 30 and 60°, r o spoctivoly . In addition, flap nor- 
mal-forco and hingo-momont coofficionts and centers of 
prossuro are Included on those two figures. 

Tho results given in figures_5, 6, and 7 do not dif- ■ 
for groatly from those obtained with a Clark Y airfoil in 
other tosts Ci'ofcronco 4). Aside from the lc7wor pitching 
momonts of the airfoil with flap neutral, mention mny also 
"bo made of tho flap loads. Tho maxinum normal-force co— 
ijfficiont of the split flap has a value of aTjout 1.3, 
which is practically tho samo as that of split flaps on a 
Clark Y airfoil; hinge-monont coefficients of tho flap arc 
also of ahout equal magnitTrdo with either airfoil. 

Langloy Memorial Aeronautical Lahoratory, 

National Advisory Committee for Aeronautics, 
Langloy Field, Va. , Kovomhor 10, 1937. 



where n^^ 



^^C/4' 



n^. , 
°w > 
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Figure 1.- OlarlE I-H sodel showing location of preeeure orifieea on airfoil and on split flap. 
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Figure Z 



-Pressure distribution on the Clark Y-H airfoil at various 
angles of attack- Split flap neutral. 





Figrure 3, -Pressure distribution 

on the Clark Y-H airfoil at ; ' J, 

various angles of attack. 0.15 aplit flap oq 

deflected 30'. « 
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Figrurei 4. -Pressure distrlbu*- 
tion on the Clark Y-H airfoil at i 
varioxis angles of attack. .12 

0.15 Cy, split flap deflected ?» 
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